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Abstract : The composition and thickness dependent effects due to ferrite loading (overlay) on electromagnetically coupled rectangular 
patch antenna is reported in this paper. The effect of variation in feed position is also studied The long side feed and diagonal feed positions show 
different behaviour due to ferrite loading as compared to short side feeding position Ihc resonance frequency decreases and peak transmittance 
increases dramatically due to ferrite pellet overlay.
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I. Introduction
l l ie  m i c r o s t r i p  p a t c h  a n t e n n a  w i th  m i c r o s t r i p l i n e  
e lec trom agnetically  c o u p le d  fe e d  sy s te m  is n o t s tu d ie d  m u ch  
and p a rticu la rly  th e  f le x ib i li ty  a s p e c t o f  it is n o t fu lly  
explored, e v e n  e x p e r im e n ta l ly .  T h e  e le c tro m a g n e tic a lly  
coupled p a tch  a n te n n a  h a s  th e  a d v a n ta g e  o f  v a r ia tio n  o f  
(eedline g iv in g  a d d i t io n a l  d e g re e s  o f  f re e d o m . F e rr ite  
materials in m ic ro s t r ip  s t ru c tu re s  c a n  c a u se  c h a n g e s  in  th e  
properties o f  s tru c tu re . D u e  to  th e  in te ra c t io n  o f  th e  fe rr ite  
with the rad io  f r e q u e n c y  f ie ld  th e  p e rm e a b il i ty  c h a n g e s . T h e  
microstrip a n te n n a  o n  b ia s e d  fe r r i te  su b s tra te  h a s  b een  
studied by v a r io u s  w o rk e rs . T h e  u s e  o f  fe r r ite  as  o v e rla y  
instead o f  su b s tra te  h a s  n o t  b e e n  in v e s tig a te d  m u c h . T h e  u se  
of overlay g iv e s  m o r e  f le x ib i l i ty  to  th e  sy s te m . T h is  p a p e r  
reports th e  e f f e c t  o f  f e r r i te  o f  d i f f e r e n t  c o m p o s it io n  
^B o 8Fe2 0 4 , M g 0  4Fc2O4, M go.6 M no.3Zno.2 Alo.gFe2 0 4  a n d  
*^go4Mno.5Zno.2A lo.gFc2 0 4  a n d  d if f e re n t  th ic k n e s s  o n  th e  
output o f  e le c tro m a g n e tic a lly  c o u p le d  re c ta n g u la r  p a tc h  
antenna. T he  a n te n n a  p a tc h  a n d  th e  m ic ro s t r ip  fe e d  lin e  w e re  
of Ag th ick  film . T h e  e f f e c t  d u e  to  fe e d  p o in t v a r ia tio n s  is 
also reported . T h e  a n te n n a  p ro p e r t ie s  a re  c o n tro lle d  b y  its 
application e n v iro n m e n t a n d  a ls o  b y  m o d e  o f  fe ed in g .
^E xperim enta l
e le c tro m a g n e tic a lly  c o u p le d  a n te n n a  w a s  d e s ig n e d  
according to  B ah l a n d  B h a r tia  [1 ]  a n d  S p li t t  a n d  D a v id o v itz
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[2]. T h e  d im en s io n s  o f  a n te n n a  w ere  o f  w id th  0 .6 4 3 2  cm  an d  
len g th  0 .4 7 1 9  cm . T h e  re c ta n g u la r  p a tc h  a n d  th e  m ic ro s tr ip  
.fe e d lin e  w ere  fa b rica ted  on  tw o  se p a ra te  su b s tra te  (s ize  
1'»K 1 ” X 0 .0 2 5 ") u sin g  th ick  film  tech n o lo g y . T h e  m eta llisa tio n  
o f  s i lv e r  th ic k  film  h a v in g  a th ic k n e ss  o f  th e  o rd e r  o f  7 p m . 
T h e  p a tch  w a s  fed  fro m  lo n g  sid e , sh o r t sid e  a n d  d ia g o n a lly  
su ccess iv e ly . T h e  X -b a n d  o u tp u t w as m e a su re d  p o in t by  
p o in t u s in g  a  sy s tem  c o n s is tin g  o f  G u n n  so u rc e , iso la to r, 
a tte n u a to r , p y ra m id a l h o rn  an d  d e tec to r. S M A  c o n n e c to rs  
w e re  u sed  fo r c o n ta c t to  an ten n a . T h e  fe r r ite  o v e rla y  
w as in  p e lle t  fo rm  o f  d ia m e te r  1 c m  a n d  th ic k n e s s  
ran g in g  fro m  0.1 cm  to  1.1 cm . T h e  fe rr ite  u s e d  as  o v e rlay  
w e r e  o f  c o m p o s i t i o n  M g o g F e 2 0 4 . M g o .4 F c 2 0 4 , 
M go 6M no.3Zno.2Alo gFe2 0 4  an d  M go 4M no.5Zno.2A l6 .gFc2 0 4 . 
T h e  v a ria tio n s  in th e  o u tp u t v o lta g e  as  a  fu n c tio n  o f  
fre q u e n c y  fo r v a rio u s  th ic k n e ss  o f  p e lle t o v e rla y  a n d  v a rio u s  
c o m p o s itio n  w e re  s tu d ie d  fo r  th e  th re e  d if fe re n t feed in g  
p o sitio n s . T h e  p e lle t o v e rlay  w as k e p t a t th e  c e n te r  o f  th e  
m ic ro s tr ip  p a tc h  an ten n a . T h e  e le c tro m a g n e tic a lly  c o u p le d  
a n te n n a  w as  u sed  as th e  tra n sm ittin g  a n te n n a  a n d  th e  
p y ra m id a l h o rn  k e p t a t fa r  f ie ld  p o sitio n  w a s  th e  re c e iv in g  
an te n n a , w h ic h  w as c o n n e c te d  to  th e  d e tec to r.
3 . R e s u lts  a n d  d is c u s s io n
W ith o u t o v e rla y  th e  a n te n n a  h a d  a  re so n a n c e  f re q u e n c y  at 
10 G H z  fo r  lo n g  sid e  fed  an d  d ia g o n a lly  fed  w h e re a s  fo r
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sh o r t  s id e  fed  th e  re s o n a n c e  fre q u e n c y  w a s  9 .7  G H z. T h e  Q 
o f  th e  p a tc h  w a s  2 8 .9 5  w h en  lo n g  s id e  fed , 5 6 .5 7  w h e n  
d ia g o n a lly  fed  a n d  1 6 4 .9  w h en  sh o r t s id e  fed .
F ig u re  I d e p ic ts  th e  f re q u e n c y  versus o u tp u t v o lta g e  
c u rv e  fo r  th e  th re e  d if fe re n t feed  p o s itio n s  fo r  M go 8 ^ ^ 6 2 0 4  
o v e rla y .
F ro m  th e  f ig u re , it is seen  th a t on  p la c in g  (he  fe rr ite  
p e lle ts  th e  fre q u e n c y  sh if ts  to  9 .7  G H z  fo r lo n g  s id e  fed  an d  
d ia g o n a lly  fed  an d  fo r sh o r t s id e  fed  th e  sh if t is to  9 .8 5  G H z. 
F o r  o th e r  c o m p o s it io n , th e re  is- n o  sh if t in th e  re s o n a n c e  
f r e q u e n c y  w h e n  a n te n n a  is fed  fro m  th e  sh o r t s id e , b u t fo r  
th e  o th e r  tw o  fe e d in g s , o th e r  c o m p o s it io n s  b e h a v e  id en tica l 
to  M go 8^ 6 2 0 4 . D u e  to  th is , o n ly  o n e  c o m p o s it io n  is p lo tte d .
F ro m  th e  f ig u re , it is a lso  seen  th a t fo r  o v e rla y  w ith  least 
th ic k n e ss  h ig h e r  p e a k  o u tp u t v o lta g e  is o b se rv e d  a n d  it 
d e c re a se s  w ith  in c re a se  in th ic k n e s s  o f  o v e r la y  till th e  
th ic k n e ss  o f  0 .4 5  c m  a n d  a g a in  in c re a se s . In  a ll th e  c a se s  th e  
p e a k  o u tp u t v o lta g e  is v e ry  m u c h  h ig h e r  th a n  th e  n o  o v e rla y  
ca se . T h e  Q o f  th e  a n te n n a  h a s  a lso  in c re a se d  d ra m a tic a lly  
d u e  to  o v e rla y . Q se e m s  to  d e p e n d  m o re  on  c o m p o s itio n  an d  
less on  th e  th ic k n e s s  o f  fe r r ite  o v e rla y . W h en  th e  a n te n n a  
is fed  d ia g o n a lly , p e a k  o u tp u t v o lta g e  v a r ie s  d u e  to  o v e rla y  
b u t a s  th ic k n e s s  in c re a se s , th e  p e a k  o u tp u t v o lta g e  a lso  
in c re a se s . H e re  a lso  Q in c re a se s  d u e  to  o v e rla y  fo r  all 
c o m p o s it io n . Q se e m s  to  b e  in d e p e n d e n t o f  th ic k n e s s  o f  th e  
o v e r la y  a n d  a lso  c o m p o s it io n . F o r th e  sh o r t s id e  fe e d in g  
c a se , th o u g h  th e re  is in c re a se  in  p e a k  o u tp u t v o lta g e  d u e  to  
o v e r la y  th e  in c re a se  is c o m p a ra b ly  le s se r  th an  lo n g  s id e  fed  
a n d  d ia g o n a lly  fed  c o n d it io n .
T h e  d a ta  o f  b a n d w id th  a n d  g  o f  so m e  ty p ic a l thickness 
a re  ta b u la te d  in  T a b le  1. T h e  Q sh o w s  in c re a se  due to 
M go 8F c2 0 4  o v e r la y  b u t fo r  o th e r  o v e r la y s  th e re  is n o t much 
c h a n g e , in so m e  c a se s  Q d e c re a se s .
Table 1. Data of bandwidth and Q factor
Feeding I'hickness Properties Composition
cm
1 11 III IV
0.111 n W MH/ 54.5 50.86 50.0 61 V,
Q 177.98 190.72 194.0 154 %
LSF 0.577 B W MHz 48 5 58 69 54 5 69 21
0 200 0 165.2H 177 98 140 11
1 11 B W MH/ 54 5 56.5 50.0 69 2^,
Q 177 98 171.0 194 0 140 11
0 111 B W MHz 64.45 64 29 54.31 64 24
Q 148 19 150 89 178 6 1 50 88
DF 0.577 B W MH/ 65.45 64.29 62 07 64 2‘)
Q 148 19 150 89 156 28 I.SU 88
1 11 B W MHz 57.27 64 29 62.07 64 2')
Q 169 37 150.89 1.56 28 1^ 0 88
0 111 B W MH/ 33 89 57 14 58 8 tj| SI
Q 290,59 169.75 164 3 150
SSI 0 577 B W MHz 33 89 62 86 58 8
Q 290 59 154 32 164 9 P) 8j
1 11 B W MHz 42 37 62,86 58 8 64 Si
0 232 46 154 32 154 9 |5(i ;■
LSF-Long side fed, DF-Diagonally fed, SSr-Shorl side fed
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Figure 1. Characteristics of EMC patch antenna due to Mgo8Fe204 overlay of different thickness : 1. O.I I cm, 2, 0.241 cm, 3; 0.369 cm, 
4; 0.455 cm. 5. 0 480 cm, 6; 0 577 cm. 7. 0.825 cm, 8; 1.11 cm
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hgurc 2. Peak Output Voltage versus Thickness of ferrite overlay of dilTcrenl compositions 1, MgoBFe204. 11. Mgo4Fei0 4 , 
111, Mgo„Mn(ijZno2AloBFe204, IV, Mgu4MnosZno2AlosFe204
I-ii>tirc 2 shows the graph of peak output voltage as 
lunclion of thickness of the ferrite pellet overlay.
The figure shows that when the antenna is fed from the 
lung side, dependent changes are obtained where as for 
diagonally fed condition all composition shows almost 
similar output voltage variations. When the antenna is fed 
from the short side except for Mgo 8^^204 all other ferrite 
compositions shows similar thickness-dependent effects.
All the overlay observations were taken in the absence 
of e.\ternal magnetic field. Since the patch was kept in such 
a way that its center was on the edge of the feed line, when 
temte overlay is placed at the center it also covers the feed 
line, The fringing field present on the microstripline gets 
rcllected back into the feed line gives more power to the 
patch. Since the eeit changes due to the overlay matching 
of patch to the feed line might be taking place whereby 
increase the peak output voltage. Since external magnetic 
field is not applied the ferrites are magnetically nonsaturated. 
Apart from changes in Geir. the ^etr might also be changing
due to the interaction of the radio frequency field with the 
intrinsic magnetization of the ferrite.
When the ferrite is placed on the antenna, the surface 
waves might be absorbed allowing only the radiating field 
to be picked up by the receiving antenna. Due to the 
elimination/suppression of the surface mode, the antenna 
output be more than no overlay situation.
4. Conclusions
With proper combination of feed position and overlay 
composition and thickness, we can tailor the antenna 
properties to suit the applications. External dc magnetic field 
might give added dimension to the flexibility of the antenna 
properties so that multi frequency operation becomes 
feasible.
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